Analysis of cause of failure of new targeting peptide in PEGylated liposome: molecular modeling as rational design tool for nanomedicine.
Drug nanocarriers are often derivatized with targeting moieties to achieve site specific delivery, however, the results from this approach have, as yet, not reached expectations. We have tested a new phage display based targeting moiety, the activated endothelium targeting peptide (AETP), for its vascular endothelium directed targeting efficiency, when anchored to a PEGylated liposome via maleimide chemistry. Our results have, however, not shown any evidence of improved targeting. We have hypothesized that the failure of the AETP moiety is due to its availability to target receptors being restricted, as a result of steric hindrance due to the PEG polymer, and possibly affinity for bloodstream proteins, particularly human serum albumin (HSA). In this context, molecular modeling was used to contrast the properties of the AETP moiety to those of the RGD targeting peptide, already found to be effective in previous trials. Our molecular dynamics simulation results indicate the AETP moiety is located within the PEG layer, and its hydrophobic nature causes it to be obscured by PEG to a greater extent than the more hydrophilic RGD targeting peptide. Protein-ligand docking results indicated similar affinities for HSA of both the AETP moiety and a PEG fragment, and a significantly lower affinity for the RGD peptide. We know of no means to investigate this experimentally with atomic level resolution, thus our use of computational methods to investigate this can be seen as a new tool for rational design in nanomedicine.